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OUTLINE

Introduction

- Future goals: Polarimeter at ANKE target station

Experiment

Experiment

- Temperature monitoring
- Lab test of all modules
- Detector preparation
- Pol. mechanic

- Beam time
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dE + tracking
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OUTLINE

Introduction

- Future goals: Polarimeter at ANKE target station

Experiment

LYSO mapping dE + tracking

Experiment

- Temperature monitoring - Ketek 15um SiPM array - Concept development

- Lab test of all modules

- Double peak problem - MC 64 Simulations

- Detector preparation

4 - Front-face scan - Material selection
- Pol. mechanic

- Beam time - Longitudinal scan - Construction

- Discussion - Results

Summary
- Beam time: last measurement with extracted beam
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PLAN FOR 2019: JEDI POLARIMETER @ ANKE
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EXPERIMENTAL CONDITIONS
during the March 2018 1 week beam time

Expected conditions

= 1 week of beam time instead of 2 (from March 2 to 14, including MD)

Unexpected conditions
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EXPERIMENTAL CONDITIONS
during the March 2018 1 week beam time

Expected conditions

= 1 week of beam time instead of 2 (from March 2 to 14, including MD)

= Long holidays... out of 12 days only half (6 days) was official working time
S0, no support from mechanical and electronic workshops was possible...
which is very essential during detector tests...

Unexpected conditions

9 JULICH

Member of the Helmholtz Association July 27, 2018 Slide 3129 Forschungszentrum
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Expected conditions

= 1 week of beam time instead of 2 (from March 2 to 14, including MD)

= Long holidays... out of 12 days only half (6 days) was official working time
S0, no support from mechanical and electronic workshops was possible...
which is very essential during detector tests...

Unexpected conditions

= |mpossible to set 100MeV beam energy.
So, we measured only 150, 200 and 300MeV
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EXPERIMENTAL CONDITIONS
during the March 2018 1 week beam time

Expected conditions

= 1 week of beam time instead of 2 (from March 2 to 14, including MD)

= Long holidays... out of 12 days only half (6 days) was official working time
S0, no support from mechanical and electronic workshops was possible...
which is very essential during detector tests...

Unexpected conditions

= |mpossible to set 100MeV beam energy.
So, we measured only 150, 200 and 300MeV

= Because of low polarization in one state, from the beginning we decided to start with
unpolarized one. Unfortunately, the polarized source got unexpected problems...
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EXPERIMENTAL CONDITIONS
during the March 2018 1 week beam time

Expected conditions

= 1 week of beam time instead of 2 (from March 2 to 14, including MD)

= Long holidays... out of 12 days only half (6 days) was official working time
S0, no support from mechanical and electronic workshops was possible...
which is very essential during detector tests...

Unexpected conditions

= Impossible to set 100MeV beam energy.
So, we measured only 150, 200 and 300MeV

= Because of low polarization in one state, from the beginning we decided to start with
unpolarized one. Unfortunately, the polarized source got unexpected problems...

= Due to 3D printing failure; exit window delivery problem; FADC synchronization issues, we
faced difficulties...
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Beam time preparation
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EXIT WINDOW

Our plan was to test
fully assembled forward
forward part of

the polarimeter
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EXIT WINDOW

2 month delayed
delivery

and surprise from

unknown company
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EXIT WINDOW

Delivered

1 week ago
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LABORATORY TEST

Before installation all 52 LYSO-SiPM modules where tested...
2 modules reassembled with Ketek 15;,.m pixel sensor...

Co + 175Lu, 30 V Supply, 4 mV threshold Na +76Lu, 30V Supply, 4 mV threshold
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LABORATORY TEST

Before installation all 52 LYSO-SiPM modules where tested...

2 modules reassembled with Ketek 15;,.m pixel sensor...

#3Co + 176Lu, 30 V Supply, 4 mV threshold
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POLARIMETER SETUP FOR MARCH 2018

Setup, similar to last beam time.

In addition to the last setup, six triangular plastic scintillator bars, three per plane, are used

The 2D scans of LYSO modules and the relative position scan for the plastic scintillators were
made using this setup.

A
dE + tracking
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Ketek vs. SensL
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KETEK VS SENSL

A typical charge distribution spectra at 200MeV deuteron beam energy aimed at the middle point of a crystal.

Note: big difference in gain!
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KETEK VS SENSL

Typical measured amplitudes for SensL 20 pm (black), Ketek 25 ;1m (red) and Ketek 15 um (blue) pixel size
array vs. deuteron beam energy. All points are pedestal subtracted.
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KETEK VS SENSL

The comparison of energy resolutions as a function of incoming deuteron beam energy.
Blue: a very first measurement of the LYSO crystals with PMT readout.
Red: average of all modules with SiPM readout from December 2017 beam time.

Note: here the resolution is defined as a FWHM over all modules divided by amplitude.
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A 2D scans of LYSO-SiPM modules
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SAINT-GOBAIN PRELUDE™ 420 (LYSO)

Next Generation
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SAINT-GOBAIN PRELUDE™ 420 (LYSO)

Next Generation
LYSO:Ce,Ca Single Crystals
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a) Usual scattering experiment

Normal

- expectation

< 1% resolution
@ 270 MeV
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SAINT-GOBAIN PRELUDE™ 420 (LYSO)

Next Generation
LYSO:Ce,Ca Single Crystals

Solutions and Improvements (31 Generation LYSO)

[ — Performance improvement Controlled Growth
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a) Usual scattering experiment

for some crystals

puzzling double peak

energy

It was actually appearing
almost randomly...
The same crystal time to time had
absolutely clean signal
but in some situations manifesting
double peak!
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SAINT-GOBAIN PRELUDE™ 420 (LYSO)

a) Usual scattering experiment

Next Generation -
LYSO:Ce,Ca Single Crystals

for some crystals

puzzling double peak

energy
b) During energy calibration
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SAINT-GOBAIN PRELUDE™ 420 (LYSO)

a) Usual scattering experiment 5

Next Generation
LYSO:Ce,Ca Single Crystals -

) for some crystals
puzzling double peak
energy
b) During energy calibration
beam is
Soluions and Improvements (3¢ Generation LYSO) hitting in
different spot
@ energy
.
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SAINT-GOBAIN PRELUDE™ 420 (LYSO)

Next Generation
LYSO:Ce,Ca Single Crystals

Solutions and Improvements (31 Generation LYSO)
[ — Performance improvement Controlled Growth
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a) Usual scattering experiment 5

for some crystals

puzzling double peak

b) During energy calibration

Peak is front face
position dependent!
Is it also energy dependent?
not really...
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SAINT-GOBAIN PRELUDE™ 420 (LYSO)

a) Usual scattering experiment

Next Generation
LYSO:Ce,Ca Single Crystals -

energy

b) During energy calibration
Solulons and inprovemants (* Gensraion Y80)

LYso

4 o
s <) Different hypotheses

Py pment e
e p—

We spend <3 days of March beam time
to clarify this problem
1

We measured 2D maps for all crystals at
150, 200, 300 MeV
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TYPICAL PICTURE — LEFT ARM OF THE POLARIMETER

Beam energy 300 MeV
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TYPICAL PICTURE — LEFT ARM OF THE POLARIMETER

Beam energy 200 MeV
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TYPICAL PICTURE — LEFT ARM OF THE POLARIMETER

Beam energy 150 MeV
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TYPICAL PICTURE — LEFT ARM OF THE POLARIMETER

Beam energy 150 MeV — zoom
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LYSO MODULE

l) JULICH

Member of the Helmholtz Association July 2", 2018 Slide 15129 Forschungszentrum



LYSO MODULE SCAN

2D scan
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2D FRONT-FACE MODULE RESPONSE MAP

A 5 x 5 front face map of a LYSO crystal with a 300MeV deuteron beam.

15,

Y Position [mm]
Y Position [mm]

5 10 15 5 10 15
X Position [mm] X Position [mm]

The absolute values of peak position of the beam

The relative deviation from the maximum value
energy.

showing the homogeneity of the energy recon-
struction to be < 1.8%.
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CRYSTAL SIDE SCAN

A 15 x 3 side face map of a LYSO crystal at 300MeV deuteron beam. In both measurements, the sensor is

located on the right side. Upper: The same orientation as from slide 17. Evident lowering of the light output
can be identified in the upper part of the crystal. Lower: The 90° rotated map of the same crystal showing a
different light output distribution from the upper face.
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X Position [mm]
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10
X Postion (mim)
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The plastic scintillator tracker
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PLASTIC SCINTILLATOR TRACKER

Consisting of the overlapping triangular scintillator bars. The upstream (forward) frame is installed to be fixed
vertically relative to the beam while the downstream (backward) frame can scan the beam.

All scintillators were scanned vertically and horizontally (along the bar).

Front-top view | Side view
Fixed respective

IS
%z — LYSO modules

Moving part \

Down LYSO Fixed
modules are respective
rearranged up LY to beam
0 — -
Y 3 - Y
Full vertical scan
of middle plastic
X scintillating bar z
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PLASTIC SCINTILLATOR TRACKER READOUT PCB

Dual channel operational amplifier based SiPM signal preamplifier PCB

The supply voltage +6V and reverse bias voltages +29V is shared for each PCB

lJ JULICH
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PLASTIC SCINTILLATOR TRACKER

Left-up: the view through the wrapped triangular scintillator bar where the kaleidoscopic picture of the SiPM’s
is seen from another end.

Left-down: the end cup of the bar is shown with four SiPM’s split into two independent preamplifier channels.
Middle: already attached tracker in front of LYSO modules.

Right: one of the layers with three bars after assembly.

Each counter has 4 independent preamplifier output, 2 each end, and eight 6 x 6 mm SiPM'’s four each end.
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PLASTIC SCINTILLATOR TRACKER

The amplitude correlation histograms for the forward and backward layers of two overlapping triangular
scintillator bars. The apparent correlation between the amplitudes is demonstrated.
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a forward layer which is fixed relative to the beam the correlation in the second layer while scanning
and showing only the beam spread. The red lines along the overlapped side.

show the cut area to choose a relatively focused
beam for the second layer.
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RESOLUTION PLASTIC SCINTILLATOR TRACKER
The difference over sum (ﬁ‘ ::z ) between the bars for six different positions along the overlapping sides (5 mm
steps over a 3 cm side) of a backward layer is shown. Without much effort, the few millimeter resolutions can
be achieved.
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The EPICS based system for the

= parameter monitoring (temperature, voltages, position, ...)
= archiving for the easy access of full history
= COSY compatible EPICS CS-Studio slow control system

lJ JULICH
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TEMPERATURE MONITORING AND ARCHIVING SYSTEM

The module internal (black) and

Big Karl exp. hall (brown) temperature variation vs. time over the whole beam time.

With the blue graph, the supply voltage for the same module is shown.

The apparent correlation between all the values is evident.

Exp. Hal
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Module
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1 Module
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Day 1
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ONLINE ASYMMETRY FOR DIFFERENT TARGET MATERIALS

300 MeV Nickel Tin

9 JULICH
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VECTOR ANALYZING POWER AT 270 AND 300 MEV
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BEAM TIME REQUEST

COSY Beam Time Request

n Extracted beam Collaboration JEDI
(BlG KARL) Towards the EDM Polarimetry

. Spokespersons for the beam time: Irakli Keshelashvili (Jiilich)
» Polarized deuterons Bernd Lorentz (

David Mchedlishvili (HEPI TSU)

Spokespersons for the collaboration: Jirg Pretz, (Jiilich)
Paolo Lenisa (Ferrara)

= Energies of Ty =
100,200, 270, 300 MeV/

52428 Jiilich
Germany

Phone: +49 2461 615603 Fax: +49 2461 613930 E-mail: jpretz@{z-juelich.de
= Low countrate ~1 + 50 kHz fenisa@leininit

ehelashuili@izjudichde
= 2 Week End of 2018 “Total number of particles Kinetic energy Tntensity or nternal reaction rate
—_— and type of beam (MeV) (particles per second)
(p.d,polarization)
H minimum needed maximum useful
(pure measurement time)
Extracted beam of 100, 200, 270, 300 10" 107
polarized deuterons MeV
Experimental area Safety aspects Earliest date of Total beam time
(if any) installation (No.of shifts)
LYSO crystals at none 1" November 2018 2 weeks (+ MD)
external BIG KARL area

JULICH
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Appendix
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CONTACT

Contacting me via e-mail

Click here: i.keshelashvili@fz-juelich.de
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PROGRESS SINCE 2016
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TOTAL CROSS-SECTION
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BIG KARL EXP. HALL
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SADC BASED DAQ SYSTEM
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SIGNAL SHAPES
Full signal shape vs 8 accumulator/integral region

- oo

d
|

set gate_config(0) {0 99}
set gate_config(1)
set gate_config(2)
set gate_config(3)
set gate_config(4)
set gate_config(5)
set gate_config(6) {1000 199}

Ampitude

4000

IS
]

set gate_config(7) {1200 399}

(N
-
Nl e =
B

rlr Ir

1 sampe ﬁﬂ ,7
1.

r Jr lr |

@) JiLicH
Member of the Helmholtz Association July 27, 2018 Slide 818

Forschungszentrum



	Appendix

